Two kanamycin-resistant varants of Nicotana tabacum were derived by culturing seedUng leaf sections on a shoot-inducing medium containing kanamycin. The variants displayed a higher resistance to the structurally related antibiotic streptomycin than to kanamycin. cooling. The cultures were incubated at 26 C under continuous light (44 ,uE m-'s-'). Shoots derived from kanamycin agar medium during I to 2 months of culture were propagated on the same medium (containing 50 ,UM kanamycin) in the cyclical differentiating manner described above for the parent line.
The increasing use of somatic cell hybridization and other techniques to introduce new genetic information into plant cells would be facilitated by the availability of selectable phenotypic markers. Cell lines resistant to various antibiotics or antimetabolites have been selected for this purpose (1, 2, (5) (6) (7) (8) (9) 15) , and at least two have proved useful (4, 16) . We j.M kanamycin sulfate (Sigma'). The kanamycin was fiter-sterilized (0.2 ytm pore) and added to the autoclaved medium after cooling. The cultures were incubated at 26 C under continuous light (44 ,uE m-'s-'). Shoots derived from kanamycin agar medium during I to 2 months of culture were propagated on the same medium (containing 50 ,UM kanamycin) in the cyclical differentiating manner described above for the parent line.
Test for Antibiotic Resistance. Leaf sections (2 x 3 mm) were excised from month-old shoot/callus cultures of the parent and presumptive resistant lines and cultured as described above on shoot-inducing medium B containing various levels of kanamycin or streptomycin sulfate (Sigma) in Petri dishes (100 x 25 mm). The resulting shoot and callus tissue was harvested at about 30 days. The relative ability of these lines to grow on antibioticcontaining medium is described by their L,o ie., the antibiotic concentration which decreased shoot/callus yield (dry weight) to 50% of the control (0 kanamycin). Medium A was used for experiments in which morphogenesis was not desired.
Plant Regeneration. Shoots (2-3 cm tall) were transferred from kanamycin agar medium to a rooting medium (14) consisting of MS salts (GIBCO), 555 tLM myo-inositol, 1.2 ,tM thiamine HCl, 3% sucrose, and 0.8% agar. After 5 to 8 weeks, the plantlets were removed, washed free of agar medium, pruned of large leaves, and transplanted to a sterile peat/soil mixture. After culturing for several weeks under a daily 16-h photoperiod and 90% relative humidity, the plants were transferred to the greenhouse.
RESULTS
Derivation of Kanamycin-Resistant Lines. During the course of three screening experiments, 19 presumptive kanamycin-resistant shoots were obtained from several hundred cultured leaf sections. On further testing, only two lines (Kanr7 and Kanr14) proved stably resistant. These two lines were obtained in separate experiments and have maintained their levels of resistance in a series of tests conducted over a period of 3 years. The Io value for Kanr7 is 1.8 times, and for Kanrl4 2.4 times, the 150 for the sensitive parent line (Fig. la) . No apparent loss of resistance occurred when the two lines were maintained in a cyclical differentiating fashion for 15 months on medium B devoid of antibiotics (data not shown).
The Kanr lines also exhibited resistance to the related aminoglycoside antibiotic streptomycin (Fig. lb) . The 150 values relative to the sensitive parent were 2.4 and 4.0 times higher, respectively, for Kan'7 and Kanrl4
Regeneration of Plants. Three plants of Kan'7, 5 of Kan'14 and 5 of the parent line 4 were regenerated and grown to maturity. Subsequently, S seeds from these self-fertilized regenerants were used to produce an S2 generation.
The regenerants from line 4 were about half the height of normal Havana 38 plants grown from seed and had darker green leaves (Fig. 2) . These traits are indicative of tetraploidy (10), however karyotyping was not performed. Seed set by line 4 regenerants was erratic, and few viable seeds were produced. (Fig. 2) . They were normal in height, but about half exhibited bifurcated shoot growth and/or abnormal floral morphology (stamens shorter than pistils), and viable seed production was poor. Si plants of these lines resembled their regenerant parents, but differed in their profuse production of viable seed. S1 and S2 seedlings of the Kan' lines exhibited a broad range of resistance responses to both kanamycin and streptomycin. Additional genetic and cytological experiments are necessary to determine whether these responses truly represent gametic transmission of the resistance trait(s).
Differentiation and Resistance. We examined the time course of shoot regeneration from leaf sections cultured on medium containing or lacking kanamycin (Fig. 3) . The Kanr lines initiated shoot buds on control medium about 5 days earlier than did the parent line. In the presence of kanamycin, onset of bud formation in the Kan' lines was delayed only about 2 days, but in line 4 it was delayed about 10 days in comparison to their respective performances on control medium (Fig. 3) . Once leaf/shoot initiation began, the rate of appearance of new morphogenetic structures was the same in all lines and similar to rates obtained on control medium. Kanamycin (40 l.M) significantly stimulated morphogenesis in Kanr7 (Fig. 3) , an effect we have observed previously (12) .
To determine whether expression of drug resistance was irrevocably dependent upon the occurrence of morphogenesis, we performed a similar experiment using a medium that does not induce morphogenesis. The inoculum consisted of callus tissue derived from leaf pieces that had been cultured for 36 days on medium A. The results (Fig. 4) show that both Kanr lines demonstrated resistance to kanamycin when growing as calli, although Kanrl4 did so to a lesser degree than Kanr7. Also, the resistance trait was expressed as before when the calli were placed back on shoot-inducing medium (Fig. 5) . In fact, it was expressed in an even more dramatic fashion. Calli of line 4 failed to regenerate any appreciable number of shoot/leaf structures on kanamycin while the Kanr lines on kanamycin regenerated rapidly after a lag of about a week (Fig. 5) .
DISCUSSION
The variant lines described here were derived by selection against kanamycin. They are moderately resistant to that antibiotic but more resistant to the structurally related (13) antibiotic streptomycin. In this respect they resemble the kanamycin-resistant cell line of Nicotiana sylvestris (KR103) described by Dix et al. (2) . (Fig. 1) suggest that it is sufficient for use as a selectable marker. For example, on 50 uM kanamycin growth of Kanrl4 was inhibited only about 50%Yo, while growth ofthe sensitive line 4 was completely inhibited.
We questioned whether the kanamycin-resistance trait might be associated with the ability of the variants to regenerate shoots quickly. Such tissue might possess natural tolerance for kanamycin. Our methods for selecting the variants and maintaining them in a cyclical differentiating fashion would not preclude such a possibility. Results from the time course experiment illustrated in Figure 3 do not support this explanation. The parent line was slower, by about 5 days, in initiating shoots on control medium, but kanamycin increased this lag to about 12 days. Clearly, the variants displayed an ability far greater than the parent line to resist the delaying effects of kanamycin on initiation of morphogenesis.
The apparent lack of a connection between resistance and morphogenesis was further indicated by the experiment summarized in Figure 4 . Here both Kanr variants expressed resistance to kanamycin in the absence of any morphogenetic development. Kanamycin resistance in Kanr7 and 14 was stably maintained in vitro in the absence of the antibiotic. In one test, it was stable for 15 months of culture in medium B using the cyclical differentiating mode of propagation. In another test, resistance was demonstrated after a 30-day subculture on medium A (Fig. 5) , on which the tissue grew as callus. This demonstrated stability may prove useful in certain experiments or selections.
The question of sexual transmissibility of tissue culture-derived traits is one of considerable interest. We are currently investigating this question with both Kanr lines.
